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 VPDOO OLSLGSURWHLQ
FRPSOH[HV ZLWK QHZ PHPEUDQHV PDLQO\ FRYHUHG ZLWK FDVHLQV 0LFKDOVNL
0LFKHO	*HQHVWH+HDWWUHDWPHQWDORQHKDVQRLQIOXHQFHRQIDWJOREXOH
VL]H+RZHYHUZKHQLWLVFRPELQHGZLWKKRPRJHQLVDWLRQUHJDUGOHVVRIRUGHU

IDWGURSOHWVWHQGWREHVPDOOHUOHDGLQJWRDODUJHUVXUIDFHDUHD7KLVFDQSURPRWH
LQWHUDFWLRQV EHWZHHQ QDWLYH FRQVWLWXHQWV RI 0)*0 DQG SURWHLQV OHDGLQJ WR
FKDQJHVLQ0)*06KDUPD	'DOJOHLVK.LP	-LPHQH])ORUHV
7KHVHFKDQJHVLQGXFHGE\SURFHVVLQJVWHSVFRXOGDOWHUWKHFRPSRVLWLRQRIWKH
LQWHUIDFHDQGWKHUHE\FDXVHVRPHFKHPLFDOUHDFWLRQVVXFKDVOLSRO\VLVRI7$*
DQG3/DIIHFWLQJWKHVWDELOLW\RIIDWJOREXOHVDQGLQWULQVLFTXDOLW\RI8+7PLON
GXULQJVWRUDJH/RSH]0LFKDOVNL	-DQXHO
/LSLGOLSRO\VLVDQGR[LGDWLRQ
/LSLG OLSRO\VLV DQG R[LGDWLRQ DUH DVVRFLDWHGZLWK VRPHPDLQ UHDFWLRQV LQ WKH
GHYHORSPHQWRIRIIIODYRXULQPLONZKLFKFDQLQIOXHQFHFRQVXPHUDFFHSWDQFH
DQGUHGXFHVKHOIOLIHDQGTXDOLW\RIPLONGXULQJVWRUDJH6DQWRV0D&DSODQ	
%DUEDQR,QVWRUHG8+7PLONWKHWRWDOVXUIDFHDUHDRIIDWJOREXOHVLVKLJK
GXHWRWKHKRPRJHQLVDWLRQVWHS&RDOHVFHQFHRIIDWWDNHVSODFHDVWKHFDVHLQLV
SURQHWRVHGLPHQWDWLRQDQGEHFRPHVOLPLWLQJOHDGLQJWRLQVXIILFLHQWFRYHUDJH
RQ IDW JOREXOHV 7KHVH FKDQJHV FDXVHG E\ SURFHVVLQJ FDQ LQFUHDVH WKH
VXVFHSWLELOLW\WROLSRO\VLVDQGR[LGDWLRQGXULQJVWRUDJH6HUUD7UXMLOOR3HUHGD
*XDPLV	)HUUDJXW
/LSRO\VLVFDQEHPHGLDWHGE\HLWKHUOLSRSURWHLQOLSDVH/3/ZKLFKDFFRXQWV
IRUPRVWOLSRO\WLFDFWLYLWLHVRUE\PLFURELDODFWLYLWLHVLQLWLDWHGE\SV\FKURWURSKLF
EDFWHULDVXFKDV3VHXGRPRQDVZKLFKFDWDO\VH WKH UHOHDVHRI))$K\GURO\VHG
IURP7$*DQGVRPH3/LQERYLQHPLON6HUUDet al,QJHQHUDOOLSRO\VLV
LQ PLON FDQ EH FKDUDFWHULVHG DV VSRQWDQHRXV RU LQGXFHG 7KH PROHFXOHV
VXVFHSWLEOH WR VSRQWDQHRXV OLSRO\VLV LQ PLON DUH VWURQJO\ DIIHFWHG E\ OLSDVH
DFWLYLW\OHYHOWKHLQWHJULW\RI0)*0DQGWKHEDODQFHRIOLSRO\VLVDFWLYDWLQJDQG
OLSRO\VLVLQKLELWLQJ IDFWRUV 3K\VLFDO DFWLRQV VXFK DV DJLWDWLRQ SXPSLQJ
KRPRJHQLVDWLRQ DQG DFWLYDWLRQ E\ WHPSHUDWXUH FKDQJHV GXULQJ SURFHVVLQJ
WUDQVSRUW DQG VWRUDJH FDQ LQLWLDWH LQGXFHG OLSRO\VLV E\ GLVUXSWLQJ WKH
PLFURVWUXFWXUHRIPHPEUDQHVOHDGLQJWRH[SRVXUHRIWKHOLSLGVXEVWUDWHWROLSDVH
LQPLON3DUN%RWKVSRQWDQHRXVDQGLQGXFHGOLSRO\VLVFDQRFFXUZKHQ
PLONLVVWRUHGXQGHUUHIULJHUDWLRQ'HHWK7KHR[LGDWLYHFKDQJHVDUHWKH
PDMRUFDXVHRITXDOLW\GHWHULRUDWLRQLQPLONUHVXOWLQJLQXQGHVLUHGIODYRXUDQG
SRWHQWLDO WR[LF FRPSRQHQWV XQVXLWDEOH IRU KXPDQ FRQVXPSWLRQ 7KH JHQHUDO
SURFHVV RI OLSLG R[LGDWLRQ LV D VHULHV RI FRPSOH[ FKHPLFDO UHDFWLRQV EHWZHHQ
OLSLGV DQG LQWHUPHGLDWHV RI R[\JHQDFWLYH VSHFLHV LQ RLOLQZDWHU HPXOVLRQV
0F&OHPHQWV	'HFNHU  7KH LQLWLDWRUV RI R[LGDWLRQ UHDFWLRQV LQFOXGH
OLJKWKHDWPHWDOVHQ]\PHVDQGPLFURRUJDQLVPVFDWDO\VLQJFRPSOH[SURJUHVVHV
RI DXWR[LGDWLRQ SKRWRR[LGDWLRQ DQG WKHUPDO RU HQ]\PDWLF R[LGDWLRQ ,Q WKH
SUHVHQFHRIWKHVHLQLWLDWRUV8)$DUHWKHPDMRUUHDFWDQWVWDUJHWHGWRSURGXFHRQH

K\GURJHQDWRPDQGIUHHOLSLGUDGLFDOVZKLFKDUHSURQHWRIRUPSHUR[\OUDGLFDOV
E\IXUWKHUUHDFWLQJZLWKR[\JHQ7KHSHUR[\OUDGLFDOVDFWDVWKHFKDLQFDUULHUWR
DFFHOHUDWHWKHR[LGDWLYHSURJUHVVE\FRQWLQXRXVO\DWWDFNLQJQHZOLSLGPROHFXOHV
XQWLO DOO DYDLODEOH R[\JHQ LV XVHGRU WKH FKDLQ UHDFWLRQ LV GLVUXSWHG E\ VRPH
DQWLR[LGDQWV GXULQJ WKH SURSDJDWLRQ VWDJH 6KDKLGL 	 =KRQJ  /LSLG
K\GURSHUR[LGHV DUH WKH SULPDU\ SURGXFWV GXULQJ WKH SURSDJDWLRQSURFHVV EXW
WKH\DUHXQVWDEOHDQGHDVLO\EUHDNGRZQWRZLGHUDQJLQJVHFRQGDU\R[LGDWLRQ
SURGXFWVVXFKDVDOGHK\GHVNHWRQHVDOFRKROVK\GURFDUERQVYRODWLOHRUJDQLF
DFLGVHSR[\FRPSRXQGVetc7KHPRVWFRPPRQPHWKRGIRUHYDOXDWLQJR[LGDWLRQ
LVWRHVWLPDWHWKHDPRXQWRIDOGHK\GHSURGXFWVSUHVHQWDVWKH\FDQUHDFWZLWK
WKLREDUELWXULF DFLG 7%$ WR SURGXFH WKLREDUELWXULF DFLG UHDFWLYH VXEVWDQFHV
7%$56ZKLFKFDQEHPHDVXUHGE\VSHFWURSKRWRPHWU\7KLVPHWKRGKDVWKH
DGYDQWDJHVRIVHQVLWLYHVLPSOHRSHUDWLRQDQGORZFRVWDQGWKHGLVDGYDQWDJHRI
QRQVSHFLILF 7%$ SRVVLEO\ UHDFWLQJ ZLWK RWKHU FRPSRXQGV GXULQJ DQDO\VLV
'HYDVDJD\DP%RORRU	5DPDVDUPD

7KHRYHUDOODLPRI WKLV WKHVLVZDV WR VWXG\ WKH OLSLGSURSHUWLHV LQFOXGLQJ WKH
PLFURVWUXFWXUHRI8+7PLONDVDIIHFWHGE\VHDVRQDOYDULDWLRQVLQFRUUHVSRQGLQJ
UDZPLONDQG8+7SURFHVVLQJDQGVWRUDJHFRQGLWLRQV
6SHFLILFREMHFWLYHVZHUHWR
¾ ,QYHVWLJDWHVHDVRQDOYDULDWLRQVLQOLSLGFODVVDQG)$FRPSRVLWLRQLQ
UDZPLONDQGWKHFRUUHVSRQGLQJ8+7PLON3DSHU,
¾ ([SORUHWKHHIIHFWVRI8+7SURFHVVLQJRQWKHFRPSRVLWLRQRIWKHILQDO
FRPPHUFLDO8+7PLONSURGXFWFRPSDUHGZLWKWKDWRIWKHUDZPLON
E\DQDO\VLQJWKHPLFURVWUXFWXUHRIIDWJOREXOHVDQGOLSLGV3DSHU,
¾ 'HWHUPLQHWKHLPSDFWRIVDPSOLQJPRQWKVWRUDJHWLPHDQG
WHPSHUDWXUHRQOLSLGOLSRO\VLVDQGR[LGDWLRQLQVWRUHG8+7PLON
3DSHU,,
¾ (YDOXDWHWKHHIIHFWVRINH\VWHSVLQ8+7SURFHVVLQJLQDSLORWSODQW
RQWKHPLFURVWUXFWXUDORUJDQLVDWLRQRIIDWJOREXOHVDQG)$
FRPSRVLWLRQXVLQJFRQIRFDOPLFURVFRS\WUDQVPLVVLRQHOHFWURQ
PLFURVFRS\DQGJDVFKURPDWRJUDSK\3DSHU,,,
 2EMHFWLYHV


$EULHIGHVFULSWLRQRIWKHPDWHULDOVDQGPHWKRGVXVHGLQWKHZRUNSUHVHQWHGLQ
WKLVWKHVLVLVSURYLGHGLQWKLVFKDSWHU$QRXWOLQHRIWKHHQWLUHZRUNDQGWKHPDMRU
PHWKRGRORJ\LQYROYHGLVSUHVHQWHGLQ7DEOH0RUHGHWDLOVRIHDFKPHWKRGFDQ
EHIRXQGLQWKHUHVSHFWLYHSDSHUV
7DEOHSummary of study plan in Papers I-III
3DSHU, 3DSHU,, 3DSHU,,,
0LONVDPSOH 5DZPLON
8+7PLON
8+7PLON 3DVWHXULVHGPLON
+RPRJHQLVHGPLON
6WDELOLVHGPLON
8+7PLON
7UHDWPHQW 6DPSOLQJPRQWK
3URFHVVLQJ
6DPSOLQJPRQWK
6WRUDJHWLPH
6WRUDJHWHPSHUDWXUH
3URFHVVLQJ
6WDWLVWLFV *HQHUDOOLQHDUPRGHO *HQHUDOOLQHDUPRGHO 7XNH\¶VSRVWKRFWHVW
$QDO\VLV &/60DDQDO\VLV
/LSLGFODVV
)DWW\DFLGVSURILOH
&/60DQDO\VLV
/LSLGFODVV
)DWW\DFLGVSURILOH
7%$56FDQDO\VLV
&/60DQDO\VLV
7(0EDQDO\VLV
)DWW\DFLGVSURILOH
D&RQIRFDO ODVHU VFDQQLQJ PLFURVFRS\ E7UDQVPLVVLRQ HOHFWURQ PLFURVFRS\ F7KLREDUELWXULF DFLG
UHDFWLYHVXEVWDQFHV
 0LONFROOHFWLRQ3DSHUV,,,,
5DZPLONVDPSOLQJDQGFRPPHUFLDO8+7SURFHVV3DSHU,
3RROHGIDUPVUDZPLONVDPSOHVZHUHFROOHFWHGDW WKH1RUUPHMHULHUGDLU\
SODQW LQ /XOHn QRUWKHUQ 6ZHGHQ LQ0DUFK0D\ -XQH -XO\ 6HSWHPEHU DQG
 0DWHULDOVDQGPHWKRGV

1RYHPEHU  DQG WUDQVSRUWHG WR WKH 6ZHGLVK 8QLYHUVLW\ RI $JULFXOWXUDO
6FLHQFHV6/88SSVDODDWFKLOOWHPSHUDWXUH&IRUIXUWKHUDQDO\VLVZLWKLQ
WKUHHGD\V
7KH FRUUHVSRQGLQJ 8+7 PLON ZDV SURFHVVHG DV IROORZV )LJXUH 
SUHKHDWLQJRIXQSURFHVVHGUDZPLONDW&VWDQGDUGLVDWLRQWRDIDWFRQWHQWRI
LQ8+7PLONE\UHEOHQGLQJVRPHFUHDPDERXWIDWLQWRWKHVNLPPHG
PLON 8+7 WUHDWPHQW LQGLUHFW WXEXODU PRGH DW  & IRU  VHFRQGV
KRPRJHQLVDWLRQDWDSUHVVXUHRIEDUDQGFRROLQJWR&7KHILQDO
8+7PLONZDVSDFNHGLQ7HWUD%ULN$VHSWLFFDUWRQV/DQGWUDQVSRUWHGWRWKH
ODERUDWRU\DWDPELHQWWHPSHUDWXUH$OOVDPSOHVZHUHDQDO\VHGLQWULSOLFDWH
Figure 56FKHPHRIFRPPHUFLDO8+7SURGXFWLRQ
6WRUDJHFRQGLWLRQVRIFRPPHUFLDO8+7PLON3DSHU,,
&DUWRQVRISURFHVVHG8+7PLONPDGHIURPXQSURFHVVHGUDZPLONFROOHFWHGLQ
0D\-XO\DQG1RYHPEHUVDPH8+7PLONVDPSOHVDVGHVFULEHGLQ3DSHU
, ZHUHVWRUHGLQWKHXSULJKWSRVLWLRQLQWKHGDUNLQWHPSHUDWXUHFRQWUROOHGURRPV
DW&&&DQG&$WIL[HGWLPHVDQGPRQWKVIRUHDFK
VDPSOLQJPRQWKWKHIDWOD\HULQDQHZO\RSHQHG7HWUD%ULN$VHSWLFSDFNDJHZDV
GLUHFWO\VHSDUDWHGRIIDQGVXEVDPSOHVZHUHXVHGIRUIXUWKHUDQDO\VLV

8+7SURFHVVLQSLORWSODQW3DSHU,,,
:KROHPLONIURP6NnQHPHMHULHUZDVSDVWHXULVHGDQGKRPRJHQLVHGWHVWVDPSOH
76SUHKHDWHGDW&DQGXSVWUHDPKRPRJHQLVHGDW&DQGEDU
WHVW VDPSOH 767KHPLONZDV WKHQ KHDWHG WR  & DQG VWDELOLVHG LQ D
KROGLQJFHOODW&IRUVWHVWVDPSOH76)LQDOO\WKHPLONZDVKHDWHG
WR&IRUVLQWKHLQGLUHFWWXEXODUPRGHRI8QLW3LORW/KVL]HFRROHG
WR  & DQG SDFNHG DVHSWLFDOO\ LQ P/ 7HWUD %ULN$VHSWLF FDUWRQV WHVW
VDPSOH76$IORZFKDUWRIWKHSURFHVVLQJXQLWLVVKRZQLQ)LJXUH$OOWHVW
PLON VDPSOHV ZHUH WUDQVSRUWHG WR WKH 6ZHGLVK 8QLYHUVLW\ RI $JULFXOWXUDO
6FLHQFHV6/8DW&DQGDQDO\VHGZLWKLQWKUHHGD\VRISURGXFWLRQ
Figure 6. 6FKHPHRI8+7SURFHVVLQSLORWSODQW
 &RQIRFDOODVHUVFDQQLQJPLFURVFRS\DQDO\VLV3DSHU
,,,,
6DPSOHSUHSDUDWLRQ
1HXWUDOOLSLGVZHUHVWDLQHGZLWKWKHOLSLGVROXEOHIOXRUHVFHQWG\H1LOH5HG+
EHQ]RDSKHQR[D]LQHRQHGLHWK\ODPLQR6LJPD$OGULFK6W/RXLV86$E\
PL[LQJP/RIPLONZLWK/RI1LOH5HGVWRFNVROXWLRQ1LOH5HGLQ
DFHWRQHIRUPLQDWURRPWHPSHUDWXUH7KHSURWHLQQHWZRUN3DSHU,,,ZDV

VWDLQHGE\DGGLQJ/RI)DVW*UHHQ6LJPD$OGULFK6W/RXLV86$WRWKH
QHXWUDO OLSLGVWDLQHG PLON VDPSOHV 5K'23( GLROHR\OVQJO\FHUR
SKRVSKRHWKDQRODPLQH1OLVVDPLQHUKRGDPLQH%VXOIRQ\O$YDQWL3RODU/LSLGV
86$ZDVXVHGWRUHYHDOSKRVSKROLSLGVGLVWULEXWHGRQWKHVXUIDFHRIWKH0)*0
3DSHUV,,,,5K'23(VROXWLRQ/PJP/LQFKORURIRUPZDVDGGHGWR
P/PLONVDPSOHVLQ(SSHQGRUIWXEHVIRUPLQ/RZPHOWLQJSRLQWDJDURVH
DWJ//6LJPD6W4XHQWLQ)DOODYLHU)UDQFHZDVSUHSDUHGDQGPL[HG
ZLWK/VWDLQHGVDPSOHVLQDQ(SSHQGRUIWXEHDQG/RIWKHPL[WXUH
ZHUH SODFHG RQ D FRQFDYHPLFURVFRSH VOLGH IRU DQDO\VLV 'XULQJ DOO VWDLQLQJ
SURFHGXUHVWKH(SSHQGRUIWXEHVZHUHZUDSSHGLQDOXPLQLXPIRLOWRPLQLPLVH
ORVVRIIOXRUHVFHQFHVLJQDO
&/60DQDO\VLV
$ =HLVV /60  FRQIRFDO ODVHU VFDQQLQJ PLFURVFRSH -HQD *HUPDQ\
FRPSULVLQJDQLQYHUWHG=HLVV$[LR2EVHUYHUDQGVXSHUVHQVLWLYH*D$6SGHWHFWRU
ZDVXVHGIRUPLFURVWUXFWXUDODQDO\VLV$QPDUJRQODVHUDQGQP+H1H
ODVHU ZHUH XVHG DV H[FLWDWLRQ VRXUFHV DQG WKH IOXRUHVFHQFH HPLVVLRQV RI
ZDYHOHQJWKVEHWZHHQQPDQGQPZHUHGHWHFWHGIRU1LOH5HG
3DSHUV ,,,, DQG )DVW *UHHQ 3DSHU ,,, UHVSHFWLYHO\ 7KH +H1H ODVHU ZDV
RSHUDWHGDWQPH[FLWDWLRQZDYHOHQJWKDQGHPLVVLRQZDYHOHQJWKVIURP
QPWRQPZHUHXVHGWRGHWHFW5K'23(3DSHU,,,,,PDJHVZHUHDFTXLUHG
XVLQJD&$SRFKURPDW[RLOLPPHUVLRQREMHFWLYH1$ZLWKUHVROXWLRQ
RI[SL[HOV
 7UDQVPLVVLRQHOHFWURQLFPLFURVFRS\DQDO\VLV3DSHU
,,,
6DPSOHSUHSDUDWLRQ
6DPSOHV RI PLON  P/ ZHUH PL[HG ZLWK  / IRUPDOGHK\GH  LQ
(SSHQGRUIWXEHVDQGOHIWIRURQHKRXUWRIL[WKHSURWHLQQHWZRUN$JDUVROXWLRQ
J/$JDU1REOH'LIFR/DERUDWRULHV'HWURLW0LFKLJDQ86$ZDVSUHSDUHG
E\KHDWLQJWR&XQGHUFRQWLQXRXVVWLUULQJDQGFRROLQJWR&EHIRUHEHLQJ
DGGHG WR WKH VDPSOHV7KHPL[WXUHZDV VKDNHQ WR DOORZKRPRJHQLVDWLRQ DQG
WUDQVIHUUHGWRDSODVWLFSODWH7KHSODWHZDVSODFHGLQ WKHUHIULJHUDWRUIRUIRXU
KRXUV WRDOORZKDUGHQLQJRI WKHVDPSOHV7ULSOLFDWHPPSLHFHVZHUH WDNHQ
IURPHDFKSODWHSODFHGLQSODVWLFEDVNHWVDQGLQWURGXFHGLQWRD/HLFD)0WLVVXH

SURFHVVRUIRUSODVWLFHPEHGGLQJ7KHVDPSOHVZHUHGHK\GUDWHGLQJUDGHHWKDQRO
VHULHVDQGIROORZHGE\HPEHGGLQJLQ/5:KLWHUHVLQ
7KHVDPSOHVZHUHHPEHGGHGZLWKIUHVKUHVLQ LQVPDOOSODVWLFPRXOGVDQG WKH
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EDVHGRQ VHDVRQDO
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Figure 8. .QRZQ PHWDEROLF SDWKZD\V IRU WKH IRUPDWLRQ RI FRQMXJDWHG OLQROHLF DFLG &/$
LVRPHUV$GDSWHGIURP&ROORPE6FKPLG6LHEHU:HFKVOHU	5\KD
7DEOHSeasonal variations in lipid class and fatty acid composition in selected months, shown as 
least square means (Tukey test for group comparisons, P0.05) 
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'HHWK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E
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IUHVK DQG VWRUHG8+7PLON DQGDVVHVVHG WKH LPSDFWVRI VWRUDJHGXUDWLRQ DQG
WHPSHUDWXUH RQ OLSLG FODVV DQG)$ FRPSRVLWLRQ LQ8+7PLON GXULQJ VWRUDJH
XVLQJ+37/&DQG*&),'DQDO\VLV0LFURVWUXFWXUDOFKDQJHVLQIDWJOREXOHVDQG
OLSLGSURILOHVLQ8+7PLONIURPDFRPPHUFLDOSODQWDQGDSLORWSODQWZHUHDOVR
H[DPLQHG
7KHPDLQILQGLQJVDQGFRQFOXVLRQVRIWKHWKHVLVDUH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LQGLIIHUHQWOLSLGFODVVHVRISKRVSKROLSLGVWULDF\OJO\FHUROVDQGIUHHIDWW\DFLGVLQ
8+7 PLON FROOHFWHG GXULQJ WKH SURGXFWLRQ SURFHVV  &RPSDULVRQ RI IDW
PLFURVWUXFWXUHDQGOLSLGFRPSRVLWLRQLQ8+7PLONSURGXFWVIURPWZRGLIIHUHQW
SURGXFWLRQ OLQHV VXJJHVWHG WKDW WKH FKDUDFWHULVWLFV RI OLSLGV DUH DIIHFWHG E\
GLIIHUHQWSURFHVVHVDSSOLHG LQGDLU\ LQGXVWULHV WKHHIIHFWVRIZKLFKVKRXOGEH
FRQVLGHUHG
7KLV WKHVLV SURYLGHV HYLGHQFH WKDW VHDVRQDO YDULDWLRQV LQ OLSLG SURILOHV
REVHUYHG LQ UDZPLON FDQSHUVLVW GXULQJ8+7SURFHVVLQJ DQG WKURXJKRXW WKH
VKHOIOLIHRIVWRUHG8+7SURGXFWV&KDQJHVLQPLFURVWUXFWXUDORUJDQLVDWLRQRIIDW
JOREXOHVDQGOLSLGGLVWULEXWLRQDUHFDXVHGE\NH\SURFHVVLQJVWHSVDQGVWRUDJH
FRQGLWLRQV 7KHVH UHVXOWV FRXOG SURYLGH D EHWWHU XQGHUVWDQGLQJ RI OLSLG
FKDUDFWHULVWLFV IRU IDUPHUVDQGGDLU\ LQGXVWULHVVHHNLQJ WR LPSURYH8+7PLON
SURFHVVLQJDQGSURORQJSURGXFWVKHOIOLIH


.RPM|ON lU DY WUDGLWLRQ HQ YLNWLJ NlOOD WLOO QlULQJVlPQHQ I|U PlQQLVNDQ
VlUVNLOWL1RUGHQlUPM|ONNRQVXPWLRQSRSXOlU)lUVNPM|ONlURPW\FNWI|UVLQ
QDWXUOLJDJRGDVPDNRFKEUDQlULQJVYlUGH(PHOOHUWLGlUIlUVNPM|ONRFNVnHWW
EUDPHGLXPI|UWLOOYl[WDYPLNURRUJDQLVPHUVRPNDQOHGDWLOOEnGHR|QVNDGVPDN
RFKRFNVnELOGDlPQHQPHGVNDGOLJHIIHNWSnPlQQLVNRUVKlOVD)|OMDNWOLJHQlU
YlUPHEHKDQGOLQJHQPLOVWROSHLXWYHFNOLQJHQDYPHMHULLQGXVWULQHIWHUVRPK|J
WHPSHUDWXU NDQ G|GD GH VNDGOLJD PLNURRUJDQLVPHUQD I|U DWW J|UD PM|ONHQ
GULFNEDU

8OWUDK|J WHPSHUDWXUEHKDQGODG 8+7 PM|ON lU HQ PM|ONSURGXNW VRP KDU
JHQRPJnWWHQVlUVNLOGYlUPHEHKDQGOLQJ8+7PM|ONJHQRPJnUHQH[WUHPWK|J
WHPSHUDWXUDY&XQGHUQnJUDVHNXQGHUI|UDWWLQDNWLYHUDHQ]\PHURFK
PLNURELHOODDNWLYLWHWHUPHGPnOHWDWWXSSQnHQOnQJKnOOEDUKHWKRVSURGXNWHQ
XQGHU GLVWULEXWLRQ RFK ODJULQJ YLG UXPVWHPSHUDWXU , GHQQD DYKDQGOLQJ
XQGHUV|NWH YL KXUPM|ONNYDOLWHWHQ8+7SURFHVVHQ RFK ODJULQJVI|UKnOODQGHQD
SnYHUNDUGHQVOXWOLJD8+7SURGXNWHQVlUVNLOWIHWWIUDNWLRQHQ

,I|UVWDDUEHWHWSDSSHU,XQGHUV|NWHVGHQIlUVNDPM|ONUnYDUDLVDPOLQJVSURY
 JnUGDU IUnQ VH[ ROLND PnQDGHU PDUV PDM MXQL MXOL VHSWHPEHU RFK
QRYHPEHU RFK GHVV PRWVYDUDQGH 8+7PM|ON 9L IDQQ DWW OLNQDQGH
VlVRQJVYDULDWLRQ L OLSLGVDPPDQVlWWQLQJ IUnQ PM|ONUnYDUDQ NYDUVWnU L
PRWVYDUDQGH8+7PM|ONRFKPHGK|JUHDQGHOPHPEUDQIHWWIRVIROLSLGHU3/
RFKRPlWWDGHIHWWV\URU8)$LVRPPDUPM|ON'HVVXWRPODJUDGHV8+7PM|ON
SURGXFHUDGLPDMMXOLRFKQRYHPEHULP|UNDNRQWUROOHUDGHWHPSHUDWXUUXPSn
&&&RFK&XQGHURFKPnQDGHUSDSSHU,,8+7PM|ON
MXOL LQQHK|OO K|JUH DQGHO3/ RFK8)$ L XWJnQJVSURYHQ YLONHW UHVXOWHUDGH L
VW|UUH PLQVNQLQJDU DY 3/ RFK 8)$ RUVDNDGH DY OLSLGOLSRO\V RFK R[LGDWLRQ
MlPI|UWPHGPM|ONIUnQDQGUDPnQDGHUXQGHUODJULQJ'HVVDUHVXOWDWLQGLNHUDGH
DWW VlVRQJVYDULDWLRQHQ DY OLSLGHU NXQGH XUVNLOMDV Sn JnUGVQLYn XQGHU 8+7
3RSXOlUYHWHQVNDSOLJVDPPDQIDWWQLQJ

EHDUEHWQLQJRFKXQGHUKHOD ODJULQJVWLGHQ'HVVXWRPREVHUYHUDGHVHQPDUNDQW
IHWWDJJUHJHULQJWLOOVDPPDQVPHGK|JUHJUDGDYOLSRO\VRFKR[LGDWLRQQlU8+7
PM|ONODJUDGHVXQGHUOlQJUHWLGVlUVNLOWHIWHUPnQDGHUXSSWLOOHWWnU/DJULQJ
YLGN\OI|UYDULQJ&NDQVlQNDJUDGHQDYJUlGGVlWWQLQJK\GURO\VDY3/RFK
ODJULQJVIHWWHW WULDF\OJO\FHURO 7$* RFK R[LGDWLYD UHDNWLRQHU MlPI|UW PHG
K|JWHPSHUDWXUODJULQJ&&RFK&LYLVVXWVWUlFNQLQJ
, MlPI|UHOVHPHG LFNH8+7SURFHVVDGPM|ON SDSSHU , KLWWDGH YLPLQGUH
VWRUOHNSn IHWWGURSSDUQDRFK WXQQDUHPHPEUDQ LGHQVOXWOLJD8+7SURGXNWHQ
WLOOVDPPDQV PHG QnJUD I|UlQGULQJDU L OLSLGNRPSRVLWLRQHU )|U DWW LGHQWLILHUD
SnYHUNDQ DY VSHFLILNW VWHJ L 8+7SURFHVVHQ Sn PM|ONOLSLGHU SDSSHU ,,,
VDPODGHV I\UD PM|ONSURYHU IUnQ Q\FNHOVWHJHQ L SLORWVNDOHDQOlJJQLQJ
SDVW|ULVHUDGPM|ONKRPRJHQLVHUDGPM|ONVWDELOLVHUDGPM|ONRFKVOXWOLJ8+7
SURGXNW 'HW REVHUYHUDGHV DWW KRPRJHQLVHULQJ L VWRU XWVWUlFNQLQJ PLQVNDGH
VWRUOHNHQ Sn IHWWGURSSDUQD RFK VW|UGHPHPEUDQVWUXNWXUHQ L SURFHVVDG8+7
PM|ON IUnQ SLORWDQOlJJQLQJHQ .RPELQDWLRQHQ DY SDVW|ULVHULQJ I|UH
KRPRJHQLVHULQJ NDQ PHGI|UD DWW NDVHLQPLFHOOHU IlVWHU PHU YLG GH Q\ELOGDGH
PHPEUDQHQRFKSnVN\QGDUNHGMHELOGQLQJDY IULWWGLVSHUJHUDGHNDVHLQPLFHOOHU
'HVVXWRPNDQ8+7EHKDQGOLQJHIWHUnWI|UYlUUDVNDGRUQDSnPHPEUDQHQYLONHW
NDQOHGDWLOO|NDGK\GURO\VDY3/RFK7$*6nYLWWYLYHWlUGHWI|UVWDJnQJHQ
QnJRQXQGHUV|NHUSnYHUNDQDYYLNWLJDEHDUEHWQLQJVVWHJSnGHQPLNURVWUXNWXUHOOD
RUJDQLVDWLRQDYIHWWGURSSDURFKIHWWV\UHI|UlQGULQJDULROLNDOLSLGNODVVHUDY3/
7$*RFK))$YLGSURFHVVQLQJDYPM|ONVRPVDPODWVLQLROLNDVWlOOHQDY8+7
SURGXNWLRQVOLQMHQ
'HQQDVWXGLHJDYEHYLVI|UDWWVlVRQJVYDULDWLRQHULOLSLGSURILOHUVRPKlUU|U
IUnQGHQIlUVNDPM|ONUnYDUDQNDQNYDUVWnLPRWVYDUDQGHSURFHVVDG8+7PM|ON
RFK XQGHU KHOD ODJULQJHQ DY 8+7SURGXNWHUQD 'HVVXWRP VWXGHUDGHV
I|UlQGULQJDUQD L IHWWGURSSDUQDVPLNURVWUXNWXURFK OLSLGI|UGHOQLQJ RUVDNDG DY
YLNWLJDEHDUEHWQLQJVVWHJRFKODJULQJVI|UKnOODQGHQ'HVVDUHVXOWDWNDQJHElWWUH
I|UVWnHOVH I|U IHWWHWV EHW\GHOVH I|U PM|ONHQV NYDOLWHW L SURFHVVHU WLOO
PHMHULLQGXVWULHU RFK PM|ONSURGXFHQWHU VRP NDQ JH LQVWUXPHQW DWW I|UElWWUD
NYDOLWHWHQRFKGlUPHGI|UOlQJDKnOOEDUKHWHQ

/RRNLQJEDFNDWP\ILYH\HDUGRFWRUDOOLIHWKHUHZHUHODXJKWHUDQGWHDUVDQG,
KDYHJURZQDORWDQGDFFXPXODWHGPRUHH[SHULHQFHDQGNQRZOHGJHIRUOLYLQJ
7RGD\ , DP KRQRXUHG WR KDYH WKLV RSSRUWXQLW\ WR WKDQN DOO WKRVHZKR KDYH
KHOSHGPHLQPDQ\ZD\VLQP\3K'MRXUQH\
)LUVW,ZRXOGOLNHWRH[SUHVVP\JUHDWJUDWLWXGHWRP\VXSHUYLVRUVDQGWKRVHZKR
KDYHKHOSHGPHDQGFRQWULEXWHGWRP\WKHVLVZRUN
0DXGPDQ\WKDQNVIRUJLYLQJPHWKHRSSRUWXQLW\WREHD3K'VWXGHQW<RX
DOZD\VKHOSHGDQGHQFRXUDJHGPHLQERWKP\VWXG\DQGSHUVRQDOOLIH:LWK\RXU
FRQWLQXRXVHQFRXUDJHPHQWDQGXQGHUVWDQGLQJ,DOZD\VIHOWZDUPDQGKDGWKH
FRXUDJH WR IDFH DOO SUREOHPV DQG DFWLYHO\ VHHN HIIHFWLYH VROXWLRQV , DOVR
UHPHPEHUPDQ\KDSS\PRPHQWVWRJHWKHUZLWK\RXLQOLIHWKHWLPHVZHSLFNHG
PXVKURRPVDQGKDG)LNDLQWKHIRUHVWWKHWLPH\RXFDPHWRP\RIILFHWRJLYH
PHDJLIWIRUP\ILUVW&KULVWPDVLQ6ZHGHQWKHWLPH\RXSUHSDUHGZDIIOHVDQG
GHOLFLRXVPXVKURRPVRXSLQ\RXUKRPHWKHWLPHP\ILUVWSDSHUJRWDFFHSWHG
ZKHQ\RXVKDUHGP\MR\,DPYHU\JUDWHIXOWRKDYHKDG\RXDVP\VXSHUYLVRULQ
P\GRFWRUDOFDUHHU:LWKRXW\RXUVXSSRUW,ZRXOGQRWKDYHEHHQDEOHWRDFKLHYH
ZKDW,KDYHWRGD\
-DQDPDQ\WKDQNVIRUVKDULQJ\RXUNQRZOHGJHDQGH[SHULHQFHDERXWOLSLGV
DQG JXLGLQJPH WR GR UHODWHG H[SHULPHQWV<RXU µVWULFW¶ DQG SDWLHQW WHDFKLQJ
KHOSHGPHWREXLOGXSNQRZOHGJHLQWKHILHOGRIOLSLGUHVHDUFKFXOWLYDWHJRRG
KDELWVLQH[SHULPHQWVDQGFRQGXFWZRUNPRUHHIIHFWLYHO\7KDQN\RXIRUPDQ\
GLVFXVVLRQVVXSSRUWDGYLFHDQGNLQGUHVSRQVHVWRP\TXHVWLRQVGXULQJP\3K'
VWXG\
-RVH WKDQN\RXIRU\RXUSDWLHQFHVXSSRUWDQGJXLGLQJPHLQH[SHULPHQWV
ZKHQ , FDPH KHUH <RX WDXJKW PH KRZ WR XVH WKH PLFURVFRSH JDLQ UHODWHG
NQRZOHGJH DQG EH D EHWWHU UHVHDUFKHU<RXU VPLOH DOZD\V HQFRXUDJHGPH WR
RYHUFRPHGLIILFXOWLHVDQGFRQWLQXHWRZRUNKDUG7KDQN\RXIRU\RXUZHGGLQJ
JLIWDSHUIHFWSLFWXUH$OWKRXJKZHKDYHEHHQWRJHWKHUIRUDVKRUWWLPH,FDQ
PDNHXVHRIWKHNQRZOHGJH\RXWDXJKWWKURXJKRXWP\ZKROHOLIHWLPH
$FNQRZOHGJHPHQWV


6DELQHWKDQN\RXIRU\RXUJXLGDQFHYDOXDEOHGLVFXVVLRQVDQGVXJJHVWLRQV
LQP\PDQXVFULSWZULWLQJ,QPHHWLQJV\RXZHUHDOZD\VKDSS\DQGHIILFLHQWLQ
VKDULQJ \RXU OLSLG NQRZOHGJH DQG JRRG LGHDV IRU EHWWHU UHVHDUFKZRUN<RXU
HQWKXVLDVPDQGJXLGDQFHLQUHVHDUFKHQFRXUDJHGPHWREXLOGDEHWWHUYHUVLRQRI
P\VHOIDQGZRUNKDUGHU
0DULD WKDQN\RXIRU\RXUDVVLVWDQFH LQPLONVDPSOLQJDQGVWRUDJH LQP\
H[SHULPHQWV$QG WKDQN\RX IRU VKDULQJ DYDLODEOH LQIRUPDWLRQ DERXW FRXUVHV
3K'DFWLYLWLHVUHODWHGNQRZOHGJHDQGPHHWLQJVDERXWPLON
,ZRXOGOLNHWRJLYHP\ZDUPWKDQNVWRDOOP\µ)RRG6FLHQFH¶FROOHDJXHVIRU
DOOWKHLUNLQGKHOSQLFH)LNDWLPHVDQGGHSDUWPHQWDFWLYLWLHVLQWKHµ)RRG¶IDPLO\
,IHOWVROXFN\WRKDYH\RXDOODW6/8$QQLFD$QGHUVVRQ*DOLD=DPDUDWVNDLD
/HQD 'LPEHUJ -DQLFND 1LOVVRQ .ULVWLQH .RFK 0RQLND -RKDQVVRQ 5RJHU
$QGHUVVRQcVH/XQGK
:DUPWKDQNVWRDOOWKHDPD]LQJ3K'DQG3RVWGRFIHOORZVIRUWKHZDUPDQG
ZHOFRPHZRUNLQJ HQYLURQPHQW $QMD +HUQHNH 6KHQJMLH /L 1RU $GLOD0KG
2PDU6XVDQQH'MXUOH&DUROLQ0HQ]HO'DQLHO-RKDQVVRQ+XD[LQJ:X+DVLWKD
3UL\DVKDQWKD -LQJ /L 0RKDPPHG 6DODKHOGLQ 0XVWDID (OKDVVDQ 5RNVDQD
:LHU]ELFND6DPDQWKL0DGDZDOD7KRPDV6WHJOLFKDQG;XH=KDRIRUWKHJUHDW
WLPHVFKDWWLQJDQGVKDULQJH[SHULHQFHVGXULQJ)LNDVWXG\WULSV3K'PHHWLQJV
DQGVRFLDODFWLYLWLHV
7KDQNVWRDOOWKH&KLQHVHIULHQGV,KDYHPHWLQ6ZHGHQ%LQJ=KX:HQER
'RQJ+H6XQ+XD\L/LQ/L6XQ6LPLQJ+XDQJ7RQJ/LX;LQ=HQJ-XQ<L
+XD-LDQJ0LQJOLDQJ)HL<XQNDL-LQ6KXMLQJ/LX=KLTLDQJ+XDQJ4LQVRQJ
/LX;X6XQ0LDR:X+DQTLDQ=KDQJ:HQMLD;X=KHQ[LQJ:DQJIRUWKH
HQMR\DEOH OXQFK WLPHV VKDULQJ LQWHUHVWLQJ VWRULHV XQIRUJHWWDEOH SDUWLHV ZLWK
ERDUGJDPHVSRNHUKRWSRW%%4FHOHEUDWLQJQHZ\HDUE\PDNLQJGXPSOLQJV
DQGZRQGHUIXOWULSVWR,WDO\DQG,FHODQGetcWRJHWKHU
7KDQNVWRP\RWKHU&KLQHVHIULHQGV,KDYHPDGHLQ8SSVDOD<DRIHQJ=KDR
%HLEHL=KDR:HLFKX=KDR0HQJ/X<LQJ*XR<DQMXQ=DQDQG<DQ-LIRUDOO
WKHXQIRUJHWWDEOHWLPHVZLWKGHOLFLRXVIRRGSRNHUVXPPHU%%4DQGQLFHWULS
WR3UDJXHWRJHWKHU
%LQJMLH/L)HQJSLQJ<DQJ/LQ6KLWKDQN\RXHYHU\RQHLQRXUµIORZHUJLUO
IDPLO\¶IRUHQFRXUDJLQJHDFKRWKHUWREHFRQILGHQWKHOSLQJHDFKRWKHUGXULQJ
WKHKDUGWLPHVVKDULQJVHFUHWVDWQLJKWDQGEHLQJRXUVHOYHVRQWKHWULSWR.LUXQD
.HQ &KHQJ WKDQNV IRU WKH LQIRUPDWLRQ RQ WKH 3K' SRVLWLRQ RWKHUZLVH ,
ZRXOGQRWKDYHWKHFKDQFHWREHLQ6ZHGHQ=KDR0LQJWKDQN\RXIRUDOZD\V
EHLQJDJRRG OLVWHQHUDQGDGYLVRUZKHQ ,KDG WURXEOHV0DQ\ WKDQNV WR4LQJ
/LDQJ;LPHL)HQJDQG*XR]KHQ+XIRUEHLQJVRQLFHWRPH



,ZRXOG OLNH WR DFNQRZOHGJH µ7KH&KLQD6FKRODUVKLS&RXQFLO &6&¶ IRU WKH
ILQDQFLDOVXSSRUWIRUP\3K'SURMHFWV
/DVWEXWQRWOHDVW,ZRXOGOLNHWRWKDQNHQWLUHIDPLO\IRUJLYLQJPHHQGOHVV
ORYH VXSSRUW DQG HQFRXUDJHPHQW LQ GDLO\ OLIH DQG P\ HGXFDWLRQ , ZRXOG
SDUWLFXODUO\ OLNH WR H[SUHVV JUDWLWXGH WRP\ KXVEDQG3HQJFKHQJ:DQJZKR
DOZD\VVXSSRUWVDQGHQFRXUDJHVPHWRGRZKDW,ZDQWWRGRDQGLVZLOOLQJWR
VKDUHKLVSUHFLRXVWLPHZLWKPH0\OLWWOHER\=KRQJUXL:DQJWKDQN\RXIRU
FKRRVLQJPHDV\RXUPXP<RXKDYHEURXJKWPHWUHPHQGRXVKDSSLQHVV,DP
VRJUDWHIXOWRKDYH\RXLQP\OLIH
